To evaluate the evidence base relating to the effectiveness of parent-administered behavioral interventions for ADHD.
INTRODUCTION
Attention-Deficit/Hyperactivity Disorder (ADHD) is a neuro-developmental disorder often diagnosed clinically in early childhood, and is characterized by developmentally inappropriate levels of inattention, impulsivity and/or hyperactivity. These characteristics can lead to impairment in academic and social functioning.¹ ADHD is a common disorder, affecting at least 5% of school-aged children.² Co-morbidity with other childhood behavioral and developmental disorders, such as oppositional defiant disorder, conduct disorder and learning disorders, is frequent. ADHD is also a risk factor for the development of disruptive behavior and other mental health disorders, accidents, obesity, academic difficulties, and poor outcomes in adulthood.³ Given these factors, there is an important role for early recognition and intervention.
In relation to the treatment of children with ADHD, recent clinical practice guidelines from the American Academy of Pediatrics (AAP) recommend the role of behavioral interventions particularly for pre-school aged children. 4 These recommendations are based on existing evidence including reviews of the literature focusing on pre-schoolers 5 and other literature reviews 6, 7 which consider the effectiveness of psychosocial interventions for ADHD in children.
Clinical practice guidelines from other countries such as those from the National Institute for
Health and Clinical Excellence (NICE) in England have gone even further, recommending behavioral interventions first where the severity of ADHD is mild or moderate. 8 As previous reviews 6, 7, 9 assessing the role of behavioral interventions for ADHD have tended to include different types of psychological treatments (e.g. parent-administered, teacher-administered, and combined parent-and teacher-administered behavioral interventions as well as direct work with affected children and adolescents), there is a need for a focused systematic review of the evidence base for parent-administered behavioral interventions. This specific focus on studies that evaluate parent-administered interventions is important as these interventions might be relatively more feasible to offer and implement in routine clinical practice.
METHODS
A systematic review and meta-analysis of relevant peer-reviewed, published literature was undertaken to collate available empirical evidence relating to the effectiveness of parentadministered behavioral interventions for reducing symptoms associated with ADHD. For the purpose of this review, parent-administered behavioral interventions were defined as those interventions directed towards the parents of children with ADHD or with high levels of ADHD symptoms involving inattention, hyperactivity and impulsivity. Research evaluating interventions aiming to provide parents with strategies to manage their child's behavior with the goal of reducing undesirable behaviors, such as inattention, hyperactivity and impulsivity, were considered suitable for inclusion in this review.
Search terms and inclusion criteria
Initial search keywords were developed to identify the literature relating to behavioral interventions for ADHD -within which parenting interventions are included. This was done for a larger systematic review of non-pharmacological interventions for ADHD 9 and all papers identified were categorized in terms of their relevance to this specific review based upon the inclusion criteria shown below. The search terms used are shown in Appendix 1 and search databases can be found in Appendix 2. Searches were carried out several times to ensure that up-to-date literature was captured, with a final search conducted on Feb 3 rd 2013. As well as the database searches, hand-searching of identified systematic reviews was also carried out.
The inclusion criteria for this review were as follows:
-Papers had to have been peer-reviewed and written in English.
-Participants either had an ADHD diagnosis or were above cut-off point on a validated ADHD measure or ADHD sub-scale on a broad-band rating scale (e.g. the Strengths and Difficulties Questionnaire 10 ).
-Children were between 3-18 years of age.
-Studies were randomized controlled trials (RCTs) or non-randomized but adequately controlled trials.
-All trials were included irrespective of intervention quality/characteristics. Trials were only excluded if a specific co-morbidity was an inclusion criterion into the study (e.g. Fragile X).
-Only studies where the unique effect of parent training on ADHD outcomes could be analyzed were included. We therefore excluded studies where the parenting intervention was combined with a teacher and/or child intervention so that the unique of impact of parent training could not be established.
-Trials were included irrespective of control arm type. The control arm quality order was designated: (i) placebo (ii) active control (iii) Treatment as Usual (TAU) (iv) no treatment, waitlist Control (WLC). Where trials had two comparator arms (e.g. WLC and attention control as well as the active treatment), the arm representing the most rigorous control was selected (i.e.
attention control over a WLC).
All studies meeting the above criteria were included regardless of the focus of the study (e.g.
symptom reduction, parental function, etc.) and/or outcomes measured (as long as there was at least one ADHD specific outcome). The PRISMA flow chart (Figure 1 ) demonstrates the number of papers identified in the initial search and the process of identifying the final papers included in this review. All papers were reviewed by two independent researchers at each stage and any discrepancies were resolved through discussion within the review team. Pre-and post-means and standard deviations were extracted for all papers, where possible, on the following outcome variables: ADHD characteristics (primary outcome); conduct problem symptoms; parental well-being; parental sense of competence (parenting self-esteem); parenting stress and parenting behavior. Data were extracted by one researcher and independently checked by another. Variables examined for the meta-analysis were based on a pragmatic assessment of the outcomes included in each study. While there is no recognized minimum number of studies necessary for a meta-analysis, the literature suggests that the median number of studies included meta-analyses tends to be three. 11 Therefore, for the purposes of analysis, only variables where three or more studies presented relevant data were included in the analysis.
Statistical analysis
Individual effect sizes [i.e. standardized mean difference] for each study were based on the recommended formula: mean pre-post intervention group change minus the mean pre-post control group change divided by the pooled pre-test standard deviation with a bias adjustment.
Standardized mean differences for trials in each domain were combined using the inversevariance method where the reciprocal of their variance is used to weight the standardized mean difference from each trial before being combined to give an overall estimate. Given the heterogeneity of studies included in terms of their assessments of ADHD, their sample characteristics and the implementation of treatments within domains, we decided a priori to use a random effects model.
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RESULTS
Eleven studies involving 603 children were included in the meta-analysis. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Table 1 provides details of study characteristics and Table 2 a breakdown of outcome measures used in each study relating to variables included in the meta-analysis.
Insert Tables 1 and 2 here ADHD symptoms. All eleven [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] studies had a child ADHD symptom outcome (assessed using clinical interview or validated parental reported questionnaire). The overall standardized mean difference in the analysis for ADHD symptoms was significant and moderate (SMD = 0.68; 95%
CI 0.32,1.04). Heterogeneity was also significant (χ 2 =46.79; l 2 =79%; p<0.001) (see Figure A) . A sensitivity analysis which removed the five studies 13, 16, 18, 22, 23 that had allowed medication not only demonstrated that these findings were independent of medication status but that the strength of the association increased (SMD = 0.77; 95% CI 0. Heterogeneity was not significant (see Figure B ).
Insert Figure B here
Parenting Self-esteem. Five studies 13, 15, 16, 19, 20 included a measure of parenting self-esteem, all assessed using a parental self-report questionnaire 24 . The overall standardized mean difference in the analysis for parenting self-esteem was significant and large (SMD = 0.83; 95% CI 0.56, 1.10). Heterogeneity was also significant (χ 2 =10.11; l 2 =60%; p<0.05) (see Figure C) .
Insert Figure C here
Parenting Stress. Three studies 13, 16, 22 included a measure of parenting stress, all assessed using parental self-report questionnaires. The overall standardized mean difference in the analysis for parenting stress was moderate but not significant (SMD = 0.50; 95% CI -0.12,1.12)
Heterogeneity was not significant (χ 2 =5.29; l 2 =62%; p=0.07).
Parental well-being. Four studies 16, 19, 20, 21 included measures of parental well-being, all assessed using parental self-report questionnaires. The overall standardized mean difference in the analysis for parental well-being was not significant (SMD = 0.23; 95% CI -0.26,0.73) while heterogeneity was significant (χ 2 =8.88; l 2 =66%; p<0.001).
Parental Behavior. Four studies 15, 16, 18, 21 included measures of negative parental behavior, assessed using structured observation or parent self-report questionnaire. The overall standardized mean difference in the analysis for parental negative behavior was not significant (SMD = 0.34; 95% CI -0.27,0.95) while heterogeneity was significant (χ 2 =9.69; l 2 =69%; p<0.001).
DISCUSSION
For children with or at risk of ADHD, this systematic literature review revealed improvements in two important symptom-related outcomes as a result of parent-administered behavioral
interventions. Specifically, it demonstrated that parent-administered behavior interventions led to a moderate reduction in both ADHD symptoms and conduct problems. By focusing this review on parent-administered behavioral interventions, the findings provide considerable evidence to support the role of parenting interventions for children with ADHD and support the AAP clinical guidelines. 4 The sensitivity analyses were particularly pertinent for these guidelines as the improvement in ADHD symptoms was maintained for pre-school populations, suggesting that parent-administered behavioral interventions are effective for this group. Medication did not appear to enhance the improvements found and, in fact, the strength of strength of the association was further increased when studies including medication were removed. This finding supports the growing body of evidence supporting the use of parent-administered behavioral interventions as opposed to medication for children with ADHD under the age of 6, thus providing further evidence to support clinical guidelines. 4, 8 It is worth highlighting that while this review considers international evidence, six of the eleven included studies used interventions developed in the USA and Canada. 13, 14, 17, 18, 22, 23 Furthermore, the interventions used in the studies were reasonably short-term in duration, ranging from 8-17 weeks. This suggests that parent-administered behavioral interventions might be a cost-effective treatment option. As these interventions are potentially accessible, they should be considered a feasible treatment option for young children with or at risk of ADHD.
These interventions also improved parental self-esteem, suggesting that engagement in parentadministered interventions not only benefits the child but also the parent. However, we found no evidence for an improvement in parental well-being and a non-significant but moderate improvement for parental stress. There is evidence to suggest that parents of children with ADHD experience increased levels of stress and depression and reduced self-esteem 36 and so while it is encouraging that parent-administered interventions increase parental self-esteem, it is a concern that there were not similar improvements in parental well-being and parental stress. It is possible that the non-significant effect found for parental stress might be due to the lack of studies available to assess this outcome and an increased number of studies might yield more favorable results. In contrast, parental well-being changes only showed a small effect. There is the possibility that parent-administered behavioral interventions might exacerbate symptoms of depression in parents, due to their requirement for parents to confront their difficulties with parenting. Greater consideration should therefore be given to the role of parental mood when using parent-administered behavioral interventions to treat ADHD. Practitioners considering the use of these interventions should prepare parents prior to their engagement in interventions by assessing mood and, if appropriate, consider parental referral for anti-depressant medication or cognitive behavioral therapy (CBT). For example, CBT has been shown to be a useful tool for mothers of children with ADHD following a parent-administered intervention program in terms of improving mothers' depressive symptoms, self-esteem, and stress. 37 This study also demonstrated improvements in maternal expectations and attributions relating to their child's disruptive behavior and overall family impairment. 37 This suggests that for interventions where the parent is the agent of change, their well-being should be considered in order to optimize the outcome for the child and this should form part of the treatment plan.
Strengths and Limitations
There are a number of factors which limit the breadth of this review. First, it was not possible to explore different mediators which might allow for an assessment of underlying mechanisms of change. Second, no data were available to elicit what impact ADHD symptoms had on other aspects of child functioning and how the interventions might affect this, for example school readiness, academic attainment, and child social skills. Third, it was not possible to assess the possible role of moderators of outcome, particularly severity of the ADHD or parental mental health difficulties, including parental ADHD symptoms, which may also impact on treatment effectiveness. Fourth, the mode of delivery (e.g. group versus individual intervention) and implementation fidelity of each intervention might also lead to differing outcomes which were not assessed within this review. Finally, it is possible that the underlying philosophy of each program might lead to differences in effectiveness outcomes. The studies included in this review used a number of different interventions designed for different purposes. Two studies 15, 16 used Triple P -an intervention designed and evaluated in Australia that assists parents of children with conduct disorder and associated difficulties. Three studies 13, 14, 18 used interventions developed and evaluated in North America, mostly designed to assist parents of children with disruptive behavior. Two studies 17, 22 used interventions developed in North America that were used to treat disruptive behavior problems more generally but evaluated in the UK and Netherlands. One ADHD-specific program was used in the other three studies. [19] [20] [21] The New Forest Parenting Program, designed and evaluated in the UK, has a focus on children with high levels of ADHD characteristics. Whilst these programs have demonstrated effectiveness overall, the success of individual treatment program types was beyond the scope of this review.
However, it is possible that philosophical variance in the content and design of the intervention might lead to differences in their effectiveness.
This meta-analysis used ratings from participants who were most proximal to the intervention delivery (parent ratings). This might have resulted in rating bias, leading to inflated effect sizes for interventions due to the time-investment parents make. 9 Reported results may also reflect changes in parental perceptions or tolerance of symptoms rather than actual changes in ADHD behaviours. However, parent ratings reflect outcomes that clinicians would collect if evaluating interventions in real world non-research settings. Furthermore, findings showed that parental well-being, stress and negative parental behavior did not improve. It is likely that if there was rating bias, similar improvements would also have been seen for these variables and, as such, this suggests that parent ratings are valid measures for evaluating outcomes following parentadministered behavioral interventions.
Clinical Implications and Implications for Future Research:
Limited data were available on the long-term effectiveness of interventions. All but two studies 14, 17 collected long-term follow-up data for interventions at more than one postintervention time point, however only three studies 18, 19, 21 provided follow-up data for pre-, postand follow-up time points for both intervention and control groups. Only two studies 19, 21 provided data in a format suitable for meta-analysis. As such, a meta-analysis of long-term outcomes could not be carried out in this review. Future studies should therefore incorporate follow-up assessments to assess long-term outcomes of the interventions and these should be reported for both intervention and control groups. Making these data readily available would allow for more robust analyses of the longer-term effectiveness of parent-administered behavioral interventions. This is important for future research because despite short-term benefits of behavioral interventions, the underlying ADHD may well persist and require further interventions.
Furthermore, none of the studies included cost-effectiveness analyses and therefore the potential economic benefits of parenting interventions can only be estimated through modeling assumptions. It is important that future RCTs of parenting interventions assess both the effectiveness and cost-effectiveness of interventions. Other studies exploring the effectiveness of parenting interventions for general disruptive behaviors have included these analyses and report that parenting interventions can be more cost-effective than other clinical interventions. 38 This should therefore be considered in future trials assessing the effectiveness of parent-administered interventions for ADHD.
Finally, it is understandable that clinicians might require more immediate options whilst considering the availability of and access to parenting interventions in their own clinical practice.
Given this, clinicians could consider suggesting self-directed parenting interventions to parents of children with ADHD during the waiting period before behavioral interventions can be offered locally. Self-directed interventions, such as self-directed Triple P, have been evaluated for effectiveness in reducing conduct problems with some success, 39 although practitioner-led programs were shown to be more effective. Nevertheless, maintenance of outcomes has been found for this self-directed program. 40 Self-directed interventions are a potentially feasible, effective and lower-cost option for parents of children with or at risk of ADHD. There is a need for robust research to assess their cost-effectiveness and acceptability for parents of children with or at risk of ADHD. 
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